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The invention herein disclosed relates to the 
construction and operation of .a tubular heat 
exchanger involving particularly the delivery of 
a gaseous medium thereto. My invention is 
especially useful in ifs application fo air heater  
operation wherein the heating medium may be, 
for example, the hot gaseous products of com- 
bustion from a boiler furnace, and the medium 
fo be heated, the major portion of the air re- 
quired for combustion of fuel within such a 10 
furnace. 
In modern high capacity boiler installations 
operating, for example, at 'vapor .generating 
capacities of 500,000 or more pounds of steam 
per bout, the rate at which heated combustion 15 
air must be supp!ied is often approximately 
equal to the rate of steam flow. If is also usual- 
ly required to heat the combustion air fo rela- 
tively high temperatures, of 500 ° F. or more, 
making if necessary to provide an air heater 
having a considerable .area of heat transfer 
surface to the meet the condi.tions of air flow 
rate and temperature. 
In a conventional form of air heater where- 
in the heat transfer elements are în the form 
of tubes arranged in a bank from one end of 
the air heater to the other, the air £o be heated  
may be directed over the outer surfaces of the 
tubes, and a fluid heating medium, such as hot 
combustion gases, directed tlu'ough the tubes,. 30 
the air being suitably directed in series over 
successive ]engths of tubes in a pluraiity of 
transverse passes. Where a large sized large 
capacity cross flow air heater is involved, the 
inlet for cold air generally extends .throughout 35 
the full width of the tube bank which in some 
instances may involve a cold air inlet of af least 
40 feet in width, the height of the inletbeing 
substantially equal fo the height ,of the iirst 
or inlet pass across the tubes and ogether .de- 40 
fining a fiow area comparable fo the high rate 
of air flow required. 
Assuming the gas and air fo itow through the 
air heater in generally counterfiow relation, it 
is known that those portions of the .tube lengths 
in the air inlet pass, and. particular]y those .ad- 
jacent the entrance to .the pass, are .subject to 
.fairly rapid corrosion unleli operated at tem- 
peratures high enough to prevent the condensa- 
tion of vgpors passing therethrough. This 
problem is often met by bypassing a poltion of 
the incoming ir around at leas :a portion of 
the heat transfersurface nd thereby,:reduce the 
cooling effec_t on the gas discharge en.d por.tions 
of the tubes, 
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reduces the rate of air flow throtlghout the en- 
tire air heater and for a given design of boiler 
unit may result in an appreciable decrease in 
oyerall eflïciency due to the accompanying higher 
gas ourlet temperatures. 
The .corrosive effect mentioned is generaily the 
result of the condensation of water vap,or carried 
by the heating gases flowing in contact with the 
metallic heat transfer surfaces, combined with 
the presence of a gaseous constituent such as 
sulphur dioxide resulting from combustion of 
the fuel by which the gases are generated. The 
condensation is promoted when the moral of 
the tubes, for example, adjacent the cooler gas 
exit end, is compelled fo operate at relatively 
lov temperatuïes due to the continuous con- 
tact of cold inlet air with one surface of the 
element and the continuous contact of cooled 
gases with another surface. Condensation of 
9 the water vapor also maintains the heat trans- 
fer surfaces in a moist condition which is con- 
ducive to the collection of dust particles on the 
surfaces and a consequent decrease in heat 
transfer eflïciency. Vqhen the heat transfer 
25 elements are tubular members and the particle- 
Carrying gases are directed therethrough, such 
members eventually become plugged and their 
effectiveness as heat .transfer elements complete- 
ly nullified. 
In .a tubular air heater adapted or l]igh 
capacity operation, it is of ton both convenient 
.and necessaïy to employ more than one foïced 
draft fan for supplying air fo the heater at 
the required 'high rate of flow. The cold air in- 
let is consequently of large area and in accord- 
ance with current practice is generally many 
times wider in one direction than in another. 
This presents a problem of proper distribution 
of air over the gas exit ends of the tubes and 
unless substantially uniform distribution is 
effe,cted the result is a chilling of certain tubes 
adjacent the cold air inlet with a consequent 
decrease of heat transfer eiïiciency and possible 
corrosion. Non«uniform air delivery also bas 
an adverse effet on the overall average of heat 
tl:anser throughout,the tube bank adjacent the 
gas ourlet end and results in reduced overall 
eflïciency Of the air heater surface. 
An object of my invention therefore in fluid 
heater operation-is fo maintain the heat trans- 
fer eflïciency of metallic elements through the 
alleviation of conditions conductive fo deteriora- 
.tion -thereof. 

-Ano.ther object.is o maintain substantially the 
However, such bypassing :of ::air: oE .same.,e.x.tent :of delivery of :a gaseous fluid fo heat 
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transfer elements utilizing separately operable the two fans 28 and 29, when operating simul- 
fluid delivery means, taneously, providing the maximum rate of air 
An additional object is fo maintain high ca- flow required and, by separate operaton of 
pacity operation of a tubular air heater utfliz- either, providing the minimum rate of air flow. 
ing two forced draft air delivery fans whfle er- 5 The arrangement also enables various interme- 
îecting substantially the same distribution of air diate air flow rates fo be established utflizing one 

by each fan fo heat transfer elements adjacent 
the air heater air inlet. 
A further object is fo effect distribution of inlet 
air throughout a row of air heater tubes by de- 10 
livering the air thereto in one or more obliquely 
directed streams. 
The varions features of novelty which char- 
acterize my invention are pointed out with par- 
ticularity in the claims annexed fo and forming 15 
a part of this speciflcation. For a better under- 
standing of the invention, ifs operating advan- 
rages and speciflc objects attained by ifs use, ref- 
erence should be had to the accompanying draw- 
ings and descriptive marier in which I have il- 20 
lustrated and described a preferred embodiment 
of my invention. 
Of the drawings: 
Fig. 1 is an elevational view mainly in section 
illustrating an embodiment of my invention; and, 
Fig. 2 is a plan view, partly in section, of the 
apparatus shown in Fig. 1. 
As illustrated, my invention is shown in con- 
nection with an air heater 4 of a tubular type 
having an outer enclosing casing 5 within which 30 
are disposed closely spaced upright tubes 8 
rang'ed in a bank of horizontally rectangular 
cross-section spaced from opposite side walls of 
the casing, as seen in Fig. 2, the tubes 8 being 
connected ai opposite ends to upper and lower 
tube sheets 7 and 8 respectively. The air heater 
is especially adapted for association with a high 
capacity vapor generating unit of the construc- 
tion shown, for example, in the copending appli- 
cation of Arthur E. RaYnor, Serial No. 638,941, 4O 
flled January 4, 1946, now Patent No. 2,512,677, 
a flue 9 serving to conduct hot heating gases 
from the gas ourlet of such a unit and fo direct 
the gases to the air heater gas inlet 12 adjacent 
the lower tube sheet 8, the gases passing upwardly 4,5 
through the tubes 8 and being discharged there- 
from through a flue |8 deflning the air heater 
gas ourlet |4 adjacent the upper tube sheet 1. 
Air fo be heated is directed into the casing 5 
through a rectangular air inlet opening |5 in 50 
an upper portion of the front wall |8 of the cas- 
ing, and the heated air discharged through a 
simflar rectangular air ourlet opening |7 in a 
lower portion of the same wall. The air is di- 
rected across the bank of tubes 8 by vertically 55 
spaced horizontally disposed bail]es | 8, | 9 and 29 
deflning serially connected transverse air flow 
passes 28, 24 and 25, the bank of tubes 8 being 

or more of a variety of known methods such as, 
speed control of the fan motor, adjustment of fart 
iniet vanes, and damper control of fan outpuç. 
Each of the fans 28 and 29 discharges through 
a rectangular ourlet 84 having ifs axis 85 of air 
discharge extending horizontally ai an oblique 
angle to the vertical plane of the air heater air 
inlet 5, the axes 35, 85 of the two fans being 
symmetrically arranged with respect fo the ver- 
tical plane indicated by line |--|, midway be.- 
tween the upright casing end walls 88 and the 
corresponding ends of the rectangular air inlet 
opening |5. The inclination of each fart dis- 
charge axis 85 fo the plane of opening |5 is indi- 
cated by angle A which in the form shown is suit- 
ably of the order of about thirty degrees, with 
each axis 85 intersecting that plane ai a point 
intermediate the width of the opening, and the 
two axes converging ai a point 8] within the 
tube bank 8. 
The fans 28 and 29 are each connected fo the 
opening 15 by a discharge duct 88 having verti- 
cally disposed opposite side walls 9 and 4! di- 
verging from each other and from the axis of 
discharge 85 of the associated fan, the angle of 
divergence between each side wall 4| and an axis 
85 being nsual]y greater than the corresponding 
anle of divergence for each side wall 89. The 
bottom wall 2 of each duct 8 is horizontal and 
terminates ai the air heater opening  sub- 
stantially on a level with the bottom edge of the 
opening, in a plane with the transverse bafl]e |8. 
The upper wall of each duct 88 includes a wall 
section 8 sloping upwardly from the fart out- 
let 84 to provide a duct section 45 of progressively 
increasing flow area in the direction of air dis- 
charge, an adjoining upper wall section 48 
tending horizontally toward the air iniet open- 
ing | 5 and terminating thereat substantially in a 
plane with the horizontal upper edge thereof. A 
damper 47 is included in each upwardly flaring 
duct section 5 for the purpose of individually 
controlling the air delivery from each fan 
or 29. 
The vertical side walls 89 of the horizonta]ly 
flaring air delivery ducts 88 terminate in end 
portions 48 which are connected fo the ends of 
the air inlet opening |5, whfle the opposite ver- 
tical side walls 4| meet ai an obtuse angle and 
are connected fo each other along a centrally 
disposed vertical line 49 in advance of the open- 
ing, the plane 59 of each side wall 4| intersecting 

spaced from the front and rear casing walls 18 the plane of inlet opening 15 ai  location inter- 
and 28 fo provide the customary air flow turn- 60 mediate the width of the opening adjacent the 
ing spaces between successive passes. The heated opposite end wall 88, and also intersecting that 
air discharged through the gas ourlet opening |7 same end wall 88 between the planeof theopen- 
is divided ai 22 for flow in parallel through a pair ing and the front tube ro»v 51, a further exten- 
of ducts 27, of substantially equal flow areas and sion of each plane 59 intersecting the plane of 
leading, for example, fo separate sers of burners 65 tube row 5! ai a location 52 beyond an end of 
in an arrangement such as is shown in the be- the row. The side walls 89 are disposed in ver- 
forementioned patent application, each duct 27 tical planes converging ai an obtuse angle to- 
having a damper therein as indicated in the prior ward the bank of tubes 8 and intersecting ai a 
disclosure fo provide selective control of air flow location 58, for example, adjacent the rear of 
in accordance with whichever set of burners is 70 the bank, the plane of each side wall 89 inter- 
being operated, secting the plane of the front tube 5 5| ai a 
Air is delivered fo the air heater by means of location 54 intermediate the widthof he row and 
separate forced draft fans 28 and 29 suitably ai a distance from one end of the ow .within 
of equal capacities and driven by separately con- substantially the first one-quarter of the row 
trollable electric motors | and 2 respectively, ' 75 width. 



If will be noted that each otiter duct wall 39 
intersects the plane of inïet-opening adja- 
cent an end thereof, and that the plane of each 
inner duct wall 4! intersects the 0uter wall 89 
of the other duct in the plane of in]et 0pëning 5 
!5. Thus, the areas öf intersection of ducts 39 
with the plane of in]et opening I are equal and 
coextensive, so that air is delivered to. the in]et 

conducting passages, said casing having a fluid 
in]et opening with a horizontal 'dimension sub- 
stanti.ally equal fo the width of said rows of tubes; 
and a pair of flUid in]et ducts each ïntersecting 
the in]et opening and extending horïzontaHy in 
opposite directions fo each other and at acute 
angles fo the plane of the in]et opening, said 
ducts having opposing side walls, with the outer 

openLg over a predetermined Width thereof ir- wall of each duct intersecting the plane of the 
respective of whether either one or 'both ducts ]0 in]et opening adjacent one end thereof and the 
are carrying air. 
plane of the inner wall of each duct intersecting" 
The arrangement of two fans 29 and 20, and the 0uter wa!l of the other duct substantially L 
the horizontally flaring air .dëlïvëry dUctS 38, the plane of the inlet opening; whereby fluid is 
thus results in distribution of air thoighout the directed into -said heater over a predetermined 
entire width of the air heaer tibe bank be- ]5 horizontal width of the in]et open]ng irrespective 
tween .end walls 36, when either Or both ducts of whether there is fluîd flow through one or both 

89 are operating. Substantially the Saïne extent 
of distribution is attained irrePecï-¢e of the rate 
of air delivery and whëthër a singlé fan 28 or 
29 is being operated, or both. ThWdist'i:bution 20 
of air flow over ail of the tubes af the in]et sec- 
tion of the bank, with 'both ducts operating, is 
beneflcial in that the metal of those tubes is 
cooled to su.bstantially the same temperature, 
thereby resulting hot on]y in equalization of the 25 
amount of heat %ransfer by each tube but aiso 
in the maintenance of oorrespondLugly equal- 
ized gas temperature conditi'ons within the tubes 
at the air in]et section zone. Such substantiai 
un]formity ,of conditïons internaily and exter- 
naily of the tubes is beneflcial in attaining maxi- 
mum heat transfer and aiso in avoiding selective 
tube plugging and internal tube corrosion. A 
further operational advantage resulting from the 
multiple fart and duct arrangement provided 35 
accrues from the ability fo regulate air flow rate 
over a wide range. There is aiso a structural 
advantage in the arrangement in that the fans 
and ducts provide a relatively compact assem- 
bly closely coupled fo thè associated air heater. 0 
While in accordance with the provisions of the 
statures I have fllustrated and described herein 
the .best form of my invention .now lnown fo me, 
those skflled in the art wil.1 understand that 
changes may be made in the form of the appa- 
ratus disclosed without deParting from the 
spirit of the invention covered by my claires, and 
that certain features of my invention may some- 
rimes be used fo advantage without a corre- 
sponding use of other features. 
I claire: 
1. A heat exchanger comprising, in combina- 
tion, a casing enclosing spaced rows of spaced 

of said ducts. 
3. A heat exchanger comprising, in combina- 
tion, a casin enclosing spaced rows of spaced 
tubes, the interiors .of the tubes deflning one set 
of fluid conducting passages and the spaces 
tween the tubes defln]ng a separate set of fluid 
conducting passages, said casing havin a fluid 
in]et opening wlth a horizontal dimension sub- 
santially equal fo the width of sald rows of tubes; 
and a pair of fluid in]et ducts each intersecting 
the in]et opening and extendinE horizontally in 
opposite directions to each other and ai acute 
angles fo the plane of the in]et oPeniniæ said 
30 ducs having opposing side walls diverging toward 
the in]et opening, with the ou'er wail of each 
duct intersectin the plane of the inlt opening 
adjacent one end thereof and the plane of the 
inner wall of each duct intersecting the outer wall 
oï the other duct substantially in the plne of the 
in]et opening; whereby fluid is directed into said 
heater over a predetermined horizontal width of 
the inlet opening irrespective of whether there is 
fiuld flow through one or both of said ducts. 
4. A fluid heater comprlslng, in combinatlon, 
a casing enclosini spaced rows of spaced tubes, 
the interiors of the tubes defln]ng one set of fluid 
conductin passages and the spaces beween the 
tubes deflning a separate set of flUid conducting 
45 passages,-said casing havini a fluld in]et opening 
with a horizontal dimension substantially equal 
fo the width of said rows of tubes; a pair of fluid 
. in]et ducts each intersecting the in]et opening 
and extending horizontally in opposite directions 
5o fo each other and ai acute angles fo the plane of 
the in]et opening, the areas of intersection of the 
projections of the wall surfaces of each duct with 

tubes, the interiors of the tubes defining one set the plane of the in]et opening being equal and 
of fluid conducting Passages and the spaces be-55 coextensive; whereby fluid is directed ïnto said 
tween the tubes defining a Separate set of fluid heater over a predetermined horizontal width of 
conducting passages, said casing having a fluid the in]et opening irrespective of whether there is 

in]et open]ng with a horizontal dimension sub- 
stantially equal fo the width of said rows of 
tubes, and a pair of fluid in]et ducts each in- 60 
tersecting the in]et opening and extending hor- 
izontally in opposite directions to each other and 
at acute angles fo the plane of the in]et open- 

fluid flow through oneor both of said ducs; and 
a pair of separate fluid supply means each con- 
nected to the outer end of one of said ducts. 
5. A fiuid heater comprising, in combination, 
a casing enclosing spaced rows of spaced tubes, 
the interiors of the tubes deflning one set of fluid 

ing, the areas of intersection of the projections conducting passages and the spaces between the 
of the wall surfaces of each duct with the plane 65 tubes defining a separate set of fluid conducting 
of the in]et opening ,being equal and coextensive; passages, said casing having a fluid inlet opening 

whereby fluid is directed into said heater over a 
predetermined horizontal width of the in]et open- 
ing irrespective of whether there is fluid flow 
through one or both of said ducts. 
2. A heat exchanger comprising, in combina- 
tion, a casin enclosing spaced rows of spaced 
tubes, the interiors of the tubes deflnin one set 

with a horizontal dimension substantially equal 
to the width of said rows of tubes a pair of fluid 
in]et ducts each intersecting the in]et opening 
and extending horizontally in opposite directions 
fo each other and af acute angles fo the plane of 
the in]et opening, said ducts having opposing side 
walls, with the outer wall of each duct intersect- 

of fluid conducting passages and the spaces be- ing the plane of the in]et opening adjacent one 
tween the tubes deflning a separate set of fluid 5 end thereof and the plane of the inner wall of 
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each duct intersecting the outer wall of the other 
duct substantially in the plane of the inlet open- 
ing; whereby fluid is directed into said heater 
over a predetermined horizontal width of the inlet 
opening irrespective of whether there is fluid flow 
through one or both of said ducts; and a pair of 
separate fluid supply means each .connected to 
the outer end of one oï said ducts. 
6. A fluid heater comprising, in combination, 
a casing enclosing spaced rows of spaced tubes, 
the interiors of the tubes defming one set o£ .fluid 
conducting passages and the spaces between the 
tubes defining a separate set of fluid conducting 
passages, said casing having a fluid inlet opening 
with a horizontal dimension substantially equal 
to the width of said rows of tubes; a pair of fluid 
inlet ducts each intersecting the inlet opening 
and extending horizontally in opposite directions 
to each other and at acute angles to the plane of 
the inlet opening, said ducts having opposing side 
walls diverging toward the inlet opening, with the 
outer wall of ech duct intersecting the plane of 
the inlet opening adjacent one end thereo£ and 
the plane of the inner wall of each duct intersect- 
ing the outer wall of the other duct substantially 
in the plane of the inlet opening; whereby fluid 
is directed into said heater over a predetermined 
horizontal width of the inlet opening irrespective 
of whether there is fluid .flow through one or both 
of said ducts; and a pair of separate fluid supply 
means each connected to the outer end of one of 
said ducts. 
ï. A fluid heater comprising, in combinatiou, 
a casing enclosing spaced rows o£ spaced tubes, 
the interiors of the tubes defining one set of flnid 
conducting passages and the spaces between the 
tubes defining a separate set o£ fluid conducting 
passages, said casing having a fluid inlet opening 

vith a horizontal dimension substantially equal 
to the width of said rows of tubes; a pair of fluid 
inlet ducts each intersecting the inlet opening 
and extending horizontally in opposite directions 
5 to each other and at acute angles to the plane of 
the inlet opening, the areas of intersection of the 
projections of the wall surfaces of each duct with 
the plane of the inlet opening being equal and 
coextensive; whereby fluid is directed into said 
10 heater over a predetermined horizontal width of 
the inlet opening irrespective of whether there is 
fluid flow through one or both of said ducts; a 
pair of separate fiuid supply means each con- 
nected to the outer end of one of said ducts; and 
15 a pair of flow ïegulating means each disposed in 
one of said ducts. 
9. A heater for combustion supporting air com- 
prising, in combination, a casing enclosing spaced 
rows of spaced tubes, the interiors of the tubes 
«0 deflning a set of flue gaS conducting passages and 
the spaces between the tubes defining a separate 
set of conducting passages for combustion sup- 
porting air, said casing having an air inlet open- 
ing with a horizontal dimension substantially 
«5 equal to the width of said rows of tubes; a pair 
of air inlet ducts each intersecting the inlet open- 
ing and extending horizontally in opposite direc- 
tions to each other and ai acute .angles to the 
plane of the inlet opening, the areas of inter- 
S0 section of the projections of the wall surfaces of 
each duct with the plane of the inlet opening 
being equal and coextensive; whereby air is di- 
rected into said heater over a predetermined hori- 
zontal width of the inlet opening irrespective of 
35 whether there is air flow through one or both of 
said ducts; a pair of air supply means each con- 
nected to the outer end of one of said ducts; and 
a pair of dampers each regulating the air fiow 

with a horizontal dimension substantially equal 
to the width of said rows of tubes; a pair of fluid 40 
inlet ducts each intersecting the inlet opening 
and extending horizontally in opposite directions 
to each other and af acute angles to the plane of 
the inlet opening, the areas of intersection of the 
projections of the wall surfaces of each duct with 45 
the plane of the inlet opening being equal and 
coextensive; whereby fluid is directed into said 
heater over a predetermined horizontal width of 
the inlet opening irrespective of whether there is 
fluid flow through one or both of said ducts; and 50 
a pair of flow regulating means each disposed in 
one of said ducts. 
8. A fluid heater comprising, in combination, 
a casing enclosing spaced rows of spaced tubes, 
the interiors of the tubes defining one set of fluid 55 
conducting passages and the spaces between the 
tubes deflning a separate set of fluid conducting 
passages, said casing having a fluid inlet opening 

through one of said ducts. 
GEORGE A. TAYLOI. 
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